Studies on the temporal scale of diversity are important in helping us understand the stability of communities, and to predict the responses of organisms to environmental changes, as well as providing information for pest management and control. Studies addressing the temporal variation of species richness are rarer than those addressing spatial variation. Some reasons for this discrepancy may be the time required for the former type of research and the higher financial cost it involves. However, there has been an increase in funding for the development of long-term ecological research (LTER) both in Brazil and abroad, especially in the last two decades (SOUSA et al. 2007 , ARAÚJO et al. 2010 .
Insects are considered good models for temporal activity studies due to their short life cycles and rapid response to environmental changes. In addition, the abundance of insects can vary over the long (between years) and short terms (e.g., weeks; WOLDA 1978 , COOK & GRAHAM 1996 . Moths have been used worldwide as model organisms for diversity studies (SILVEIRA NETO et al. 1995 , CAMARGO 1999 , KITCHING et al. 2000 , SCHWARTZ & MARE 2001 , BECK et al. 2002 , BREHM et al. 2003 , TESTON & CORSEUIL 2004 , HILT & FIEDLER 2005 , SIHVONEN & SILIJANDER 2005 , SPECHT et al. 2005 , AXMACHER et al. 2009 , and are considered to be good indicators of species richness and habitat disturbances (SUMMERVILLE et al. 2004) .
Little is known about temporal patterns of insect richness and abundance in the Cerrado, and how biotic and abiotic factors influence the seasonal distribution of this group (PINHEIRO et al. 2002 , OLIVEIRA & FRIZZAS 2008 . However, it is known that the mean monthly temperature is significantly related to the distribution of lepidopteran populations (OLIVEIRA & FRIZZAS 2008) . Studies addressing the daily activity of insects are also rare. In this study, we used moths of the subfamily Arctiinae (Lepidoptera: Erebidae) as model organisms. Arctiinae is a good model for understanding the mechanisms determining the diversity of tropical insects. These moths are highly diverse, easily sampled, have a relatively well-resolved taxonomy, and have already been studied in the tropics (e.g., FERRO & DINIZ 2007 , HILT et al. 2007 . Despite the high diversity of Arctiinae in the Cerrado (FERRO & DINIZ 2007 , little is known about the natural history and behavior of the species in this group. The goal of this study was to assess how the species richness, abundance, and composition of Arctiinae vary annually and throughout the night in two Cerrado vegetation types (gallery forest and cerrado sensu stricto).
MATERIAL AND METHODS
Night-time sample collecting was performed in the Reserva Ecológica do Jardim Botânico de Brasília (15°52'21"S, 47°50'50"W), approximately 6 km from downtown Brasília, the capital of Brazil (SAMBUICHI & EITEN 2000) . The Reserva Ecológica do Jardim Botânico de Brasília (hereafter, Jardim Botânico de Brasília) is part of an environmental preservation area called Cabeça de Veado (FONSECA & SILVA JÚNIOR 2004) in the Cerrado biome (RATTER et al. 1997) .
Sampling was performed during one year, from September 2008 to August 2009, in two Cerrado vegetation types: gallery forest and cerrado sensu stricto. Moths were sampled one night per month in each vegetation type (always in new moon nights). The period between October and March was considered the rainy season, and the dry season was between April and September (following RATTER et al. 1997) . Moths were collected from 7:00 pm to 5:00 am using a light source (mercuryvapor lamp 250 W) hanging at 1.6 m reflected on a white sheet. All tiger moths were collected, killed in jars containing ammonium hydroxide, and separated into plastic vials labeled with the date and time. Individuals were measured, mounted, labeled, and identified by comparison to reference collections and with the aid of taxonomists. The moths were deposited in the Coleção Entomológica do Departamento de Zoologia da Universidade de Brasília (UnB 041581-041976).
The Shannon-Wiener diversity index, Simpson dominance index, and Chao 2 and Jackknife 1 richness estimators were calculated. A circular analysis (Rayleigh test) (ZAR 1996) was performed to test for concentrated peaks of abundance and richness throughout the year or night. A cluster analysis was performed using UPGMA (the unweighted pair-group method using arithmetic averages) with the Simpson index as a distance measure to evaluate the similarity between months and hours. All tests were performed for each vegetation type, for each hour of the night, and for all species. Circular analysis was performed using Oriana 3 software (KOVACH COMPUTING SER-VICES 2011), and the remaining analyses were performed using PAST (HAMMER et al. 2007 ).
RESULTS
Overall, we collected 395 tiger moths belonging to 65 morphospecies, of which 69.2% were identified to species (Table  I) . Seventy-four percent of the identified species (n = 45) belonged to the tribe Arctiini and 26% (n = 16) (Stoll, 1781) . The last two species were also the first records for the Cerrado. Singletons (species represented by one individual) accounted for 38.5% (n = 25) of the species recorded. The observed richness was 62.7% to 68.6% of the estimated richness (Chao 2 = 103.7 and Jackknife 1 = 93.4).
The most abundant species was Parablavia sadima (Schaus, 1896) (n = 67). This species was restricted to the cerrado sensu stricto and represented 28% of the individuals sampled in this vegetation type. Other abundant species included Dycladia lucetius (Stoll, 1781) (n = 39 individuals), Pareuchaetes aurata (Butler, 1875) (n = 37), and Lamprostola sp. (n = 31). These three species occurred in both vegetation types.
A total of 155 individuals from 52 species were found in the gallery forest, and 240 individuals from 34 species were found in the cerrado sensu stricto. Based on nonparametric estimators, approximately 14 more species were expected to occur in the cerrado sensu stricto (Chao 2 = 47.7 and Jackknife 1 = 48.6), while between 30 and 48 more species were expected in the gallery forest (Chao 2 = 100.4 and Jackknife 1 = 82.2). The gallery forest was associated with a higher Shannon-Wiener index (3.408) than the cerrado sensu stricto (2.627). The gallery forest presented a smaller Simpson dominance index (0.051) than the cerrado sensu stricto (0.127). Singletons were more common in the gallery forest (n = 29) than in the cerrado sensu stricto (n = 12). Thirty-one species (47.7%) occurred only in the gallery forest, 13 (20%) occurred only in the cerrado sensu stricto, and 21 (32.3%) occurred in both vegetation types (Table I) .
Species richness and abundance throughout the year
Of the 65 species sampled, 25 (38%) occurred year-round, 20 (31%) occurred only in the rainy season (October to March), and another 20 were observed only in the dry season (April to September). Species richness (45) did not differ between the dry and rainy seasons, but species abundance was higher in the dry (223) than in the rainy season (172).
Species richness and abundance were similar between the two seasons (32 species and 78 individuals in the rainy season, 34 species and 77 individuals in the dry season) in the gallery forest. Species richness was also similar between seasons (20 species in the dry and 21 in the rainy season) in the cerrado sensu stricto; however, abundance was higher in the dry season (146) than in the rainy season (94). Table I . Activity of Arctiinae species throughout the year in the Jardim Botânico de Brasília. The numbers represent months from 1 (January) to 12 (December). The dry season is between April and September, and the rainy season is from October to March. * Indicates species restricted to the gallery forest; † indicates species restricted to the cerrado sensu stricto; species with no symbol occur in both vegetation types; species in bold are new records for the Cerrado.
Species
Total and monthly abundance The monthly abundance of all species sampled in the Jardim Botânico de Brasília ranged from 21 to 83 individuals, with a peak in April (Fig. 1) . However, this peak was caused by a single extremely abundant species, P. sadima, which alone accounted for 61 individuals in this month. Excluding this species, the monthly abundance ranged from 21 to 37 individuals, with three peaks: one in the early rainy season (October to November) and the other two in the dry season (May and July) (Fig. 2) . The monthly species richness ranged from seven to 21 species. The months with the greatest richness were November (rainy season) and July (dry). The month with the lowest species richness was September. The majority of species (80%) occurred for up to three months. D. lucetius exhibited the broadest temporal distribution and was sampled in 11 months.
The monthly abundance in the gallery forest ranged from 4 to 27 individuals (Fig. 3) , with one abundance peak occurring in September and another in January. Monthly richness ranged from 4 to 10 species. The greatest richness in the gallery forest was recorded in October and February and the lowest in March, April, and June. The monthly abundance ranged from 1 to 26 individuals in the cerrado sensu stricto (excluding (1) all species; (2) all species, except P. sadima; (3) gallery forest; (4) cerrado sensu stricto, excluding P. sadima. P. sadima occurred only in the cerrado sensu stricto and was extremely abundant in April, accounting for 73.5% of the individuals.
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P. sadima, Fig. 4 ) with four peaks: in November (early rainy season), March (end of rainy season), May (early dry season), and July (mid dry season). The monthly species richness ranged from 1 to 12 species. The months with the greatest richness in this vegetation type were November and July. The lowest richness and abundance were recorded in September and January. These months were associated with the highest abundance and richness in the gallery forest. Circular analysis showed that the distribution of richness and abundance did not deviate from a uniform distribution (Table II) , except for total abundance (including P. sadima) and abundance in the gallery forest. This result suggests that the tiger moths generally do not present a seasonal pattern.
Species richness and abundance throughout the night
The majority (80%) of species were active for up to three hours during the night. Two species (D. lucetius and Lamprostola sp.) were sampled throughout the entire night. Hourly abundance varied from 24 to 50 individuals. Abundance was greater in the first two hours after dark, then decreased, and increased at the end of the night (Figs 5-7) . Circular analysis showed that the abundance was concentrated (r = 0.12, Z = 5.719, p = 0.003). Hourly richness ranged from 12 to 22 species. The hours of 7:00 pm and 8:00 pm were characterized by the greatest richness (21 and 22, respectively; Figs 5-7). However, the distribution of richness was dispersed throughout the night (r = 0.069, Z = 0.864, p = 0.421).
The distributions of abundance and richness in the gallery forest were similar to those of the overall fauna of the Jardim Botânico de Brasília (Figs 5-7) . Abundance ranged from 6 to 31 individuals per hour and was uneven, with a greater number of sampled individuals being observed during the first two hours after dark (r = 0.284, Z = 12.525, p < 0.001). The hourly richness ranged from 5 to 14 species. Although the first two hours were associated with greater richness (13 and 14, respectively), the richness distribution throughout the night was not aggregated (r = 0.167, Z = 2.536, p = 0.079). Abundance ranged from 13 to 31 individuals, and richness ranged from 8 to 15 species per hour in the cerrado sensu stricto (Figs 5-7) . The distribution of both richness and abundance was uniform throughout the night (r = 0.067, Z = 1.092, p = 0.336 for abundance; and r = 0.048, Z = 0.255, p = 0.775 for richness).
Annual and nightly species composition
In general, the species composition differed between the dry and rainy seasons for the total set of species sampled (Fig.  8) . The species composition in the first month of the rainy season (October) was similar to that of the dry season. Additionally, the species composition of the first months of the dry season (April) was similar to that of the rainy season. However, this pattern was not observed when the composition of each vegetation type was evaluated separately (Figs 9 and 10).
Compositional similarity also varied hourly. Two clusters were formed for all species and for those from the gallery forest: one composed mainly of species occurring in the first half of the night and another comprised mainly of species from the second half (Figs 11 and 12 ). There were no such groups detected for species in the cerrado sensu stricto (Fig. 13) .
DISCUSSION
The study area is a well-preserved, 5,000-ha area. However, it is surrounded by degraded areas and roads and is heavily affected by city lights, which generally decreases sampling success when using light traps. Nevertheless, the richness of Arctiinae in the Jardim Botânico de Brasília can be considered high. The tiger moths in the reserve represent 9% of the 723 known species of Arctiinae in the Cerrado ), 5% of the 1,391 known species in Brazil , and 1% of the 5,931 Neotropical species (HEPPNER 1991 ). An extensive study of the geographical distribution of 683 Arctiinae species (FERRO Table II . Rayleigh's uniformity test for abundance and richness of Arctiinae per vegetation type (gallery forest and cerrado sensu stricto) and in the Jardim Botânico de Brasília (total). The results of the analysis without P. sadima are also presented. Non-uniform distributions indicate that the data are concentrated around the mean; i.e., there is a seasonal pattern. A uniform distribution indicates the opposite. The number of new species may be even greater given that there were 15 morphospecies identified only to the genus level and four at only the tribe level. Few species were abundant (more than 15 individuals were collected for only eight species). In addition, singletons accounted for 38.5% of the species. These results represent a common pattern for both adults and larvae of Lepidoptera in the Tropics, including the Cerrado (e.g., PRICE et al. 1995 , DINIZ & MORAIS 1997 , CAMARGO 1999 , MARQUIS et al. 2002 , GUSMÃO & CREÃO-DUARTE 2004 , FERRO & DINIZ 2007 , SCHERRER et al. 2010 .
Most of the abundant species (six out of eight species with more than 15 individuals) occurred in both vegetation types, but with quite different abundances. For example, D. lucetius and P. aurata were more abundant in the cerrado sensu stricto (87% and 84% of individuals, respectively). In contrast, Lamprostola sp. was more abundant in the gallery forest (65% of individuals), suggesting that even common species prefer specific habitats. Parablavia sadima, the most abundant species, occurred only in the cerrado sensu stricto and accounted for 28% of all individuals collected in this formation. This result could explain the higher dominance and abundance found in the cerrado sensu stricto than in the gallery forest.
In this study, more species were restricted to gallery forest (47.7%) than to the cerrado sensu stricto (20%). This result supports the key role of the gallery forest in the maintenance of biodiversity and on the conservation of the tiger moths and other lepidopterans of the Cerrado (CAMARGO 2001 , BROWN & GIFFORD 2002 . Furthermore, the gallery forest areas harbor a higher species richness of Arctiidae than the cerrado sensu stricto during the dry season. This result corroborates the argument of BROWN JR (2004) that the gallery forests serve as a refuge for insect fauna during the dry season. The use of gallery forests as a refuge is also common among amphibians and reptiles (COLLI et al. 2002 ), birds (MACEDO 2002 , and mammals (GALETTI et al. 2010) .
The gallery forest is less affected by the effects of the dry season than the cerrado sensu stricto (OLIVEIRA-FILHO & RATTER 2002) . Additionally, the gallery forest vegetation is more similar to the Atlantic Forest (55%) than to the Cerrado vegetation (OLIVEIRA-FILHO & RATTER 1995) . Therefore, we expected that the temporal dynamics differed between these two vegetation types (e.g. there was less variation in richness and abundance in the gallery forest than in the cerrado sensu stricto because its climate is more stable during the year or due to differences in vegetation). Although differences were observed in relation to temporal dynamics in the gallery forest and cerrado sensu stricto,
Figures 5-7. Observed richness (black bars), accumulated richness (line), and abundance (white bars) of Arctiinae moths throughout the night in a Cerrado area (Jardim Botânico de Brasília, Brasília, Brazil). (5) all species; (6) gallery forest; and (7) cerrado sensu stricto.
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unfortunately we are unable to explore the factors that explain these variations in the peaks of abundance and species richness during the night as well as annually due to the methodology used in this work and the lack of replicates of our data.
Although the sampling in the rainy season was representative of most species, the lack of sampling in the dry season would represent a loss of 31% of the species. Thus, annual collections (BITTENCOURT et al. 2003 , TESTON & CORSEUIL 2004 , DUARTE-JÚNIOR & SCHLINDWEIN 2005 , AMORIM et al. 2009 , TESTON & DELFINA 2010 are more effective for capturing species richness than those performed only in the rainy season (SPECHT et al. 2005 , FERRO & DINIZ 2007 , HAWES et al. 2009 . Similarly, increasing the intervals between nocturnal sampling would cause an increase of species sampled. For example, if the samplings were restricted to the first five hours of the night (from 7:00 pm to midnight), only 55% of the individuals and 70% of the total species would have been recorded. Abundance would drop to 32% and richness to 54% if the samplings were restricted to the first two hours after dark. Thus, we suggest that future rapid assessments or surveys of nocturnal Lepidoptera should be performed throughout the entire night, as in previous studies (BITTENCOURT et al. 2003 , DUARTE JÚNIOR & SCHLINDWEIN 2005 , AMORIM et al. 2009 , HAWES et al. 2009 ).
This study showed that the species composition of Arctiinae associated with gallery forests and cerrado sensu stricto in the Jardim Botânico de Brasília is quite different. The species composition also varies throughout the year and night. This study also found differences in activity throughout the night and provides a better understanding of the community dynamics of tiger moths in the region. Based on our findings, we sug- Figures 8-13 . Similarity in the composition of Arctiinae moths across months (8-10) and during the hours of the night (11-13) in a Cerrado area (Jardim Botânico de Brasília, Brasília, Brazil). Clustering performed by UPGMA, using Simpson similarity index as distance measure. (8) all species; (9) gallery forest; (10) cerrado sensu stricto; (11) all species; (12) gallery forest; and (13) cerrado sensu stricto (correlation coefficients 0. 560, 0.787, 0.632, 0.747, 0.749, and 0.790, respectively) . Numbers on the left are values for Simpson's similarity index. The dry season is from April to September, and the rainy season is from October to March.
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9 10 11 12 13 gest changes in the methodology used for rapid inventories, in which samplings of tiger moths must be performed in both rainy and dry seasons as well as the throughout the entire night. This work also supports the suggestion made by other authors (HILT et al. 2007 ) that the sampling of moths should preferably include several periods of the year to account for the seasonal variation in the species composition in different habitats.
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